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Abstract : The effects of sodium metabisulfite (SMB) on mitosis were investigated in Allium cepa L.
The roots of A. cepa were treated with SMB concentrations of 7.5 mg/lt, 15 mg/lt and 30 mg/lt for
10- and 20-hour treatment periods. SMB significantly decreased the mitotic index (MI) at all
concentrations and treatment periods. While the decreasing of the MI was dose-dependent at 10
hours treatment time, SMB increased the mitotic abnormalities dose dependently.
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G›dalarda Antimikrobiyal Madde Olarak Kullan›lan Sodyum
Metabisulfit’in Allium cepa L.’nin Kök Ucu Hücrelerinde Sitogenetik
Etkileri

Özet : Bu çal›flmada sodyum metabisulfit’in (SMB) Allium cepa L’nin mitoz bölünme geçiren
hücrelerinde sitogenetik etkileri araflt›r›lm›flt›r. A. cepa kökleri 7.5 mg/lt, 15 mg/lt ve 30 mg/lt
konsantrasyonlar›ndaki SMB ile 10 ve 20 saat muamele edilmifltir. SMB, bütün konsantrasyon ve
muamele sürelerinde mitotik indeks’i (MI) kontrola nazaran önemli derecede düflürmüfltür. SMB, 10
saatlik muamele süresinde MI’i doza ba¤l› olarak azalt›rken, mitotik anormallikleri doza ba¤l› olarak
artt›rm›flt›r.
Anahtar Sözcükler: Allium cepa, Sodyum Metabisulfite, Mitoz, G›da Koruyucu maddeler
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Introduction
The population of the world is increasing. This increase has led to the search for new food
sources and ways to make productive use of these food sources. Many methods have been
developed storing food for a long period, and also many chemical substances have been used
for the preservation of food, as antimicrobial agents. It has been reported that most of these
chemical substances, especially the antimicrobial agents, are genotoxic in different test systems
(1-5). Njagi and Gopalan (6) reported that the food preservatives sodium benzoate and sodium sulfite inhibit DNA synthesis and cause the formation of anaphase bridges, premature chromosome condensation heading to pycnotic nuclei and chromatin erosion in interphase nuclei in
Vicia faba root meristems. Sorbic acid and its potassium salt have induced chromosome aberration (CA) and sister chromatid exchange (SCE) in Chinese hamster cells (7). Sodium sorbate
has induced SCE and 6-thioguanine resistant mutation in Chinese hamster cells in vitro (7).
Potassium sorbate has also induced the SCE in Chinese hamster cells but not in a dose-dependent manner (8). Sodium nitrite induced CA in Chinese hamster fibroblast cells and was mutagenic in the Salmonella/microsome test system (9, 10). A fresh solution of sodium sorbate and
potassium sorbate did not induce SCE or micronuclei in bone marrow cells of mice, and also
was not mutagenic in the Salmonella/microsome assay (11). In addition, stored sodium sorbate
has been revealed to have weak clastogenicity (11, 12). However, there are many food preservatives whose genotoxic effects are unknown.
SMB is used as a preservative in many kinds of food products. The Ministry of Agriculture
(of Turkey) has suggested that SMB may be used at a maximum dose of 300 mg/lt in food as
an antimicrobial substance (13). The test substance SMB when dissolved in water, converts to
sodium bisulfite and sulfur dioxide. On the other hand, bisulfite (sulfur dioxide=SO2) enhances
gpt (guanine phosphoribosyl transferase) mutations in CHO-AS52 cells (14) and bisulfite is a
weak mutagen at pH 5-6 in Salmonella typhimurium TA 1535 and TA 97 strains but is not
mutagenic in TA 1537 and TA 1538 strains (15). In addition, sodium bisulfite induces chromosome aberrations, sister chromatid exchanges and micronuclei and also decreased the mitotic index in human lymphocytes (16). Therefore, the aim of this study was to investigate the
cytogenetic effects and the cytotoxicity of SMB in Allium cepa root tip cells.

Materials and Methods
In this study, the root tip cells of A. cepa were used as the test system, and the food preservative sodium metabisulfite (SMB) as the test substance. SMB was obtained from Merck (cat.
no: 106357). The chemical properties of SMB are shown below:
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Chemical formula

Na2S2O5

Molecular weight

190.1

CAS no.

7681-57-4

Melting point

150ºC

Rat, oral LD50

1540 mg/kg

In this study, 10 A. cepa bulbs were used for each concentration. Allium cepa bulbs were
germinated in distilled water at room temperature (20±2ºC). When the roots reached 1.5-2
cm, they were treated for 10 and 20 hours at concentrations of 7.5, 15 and 30 mg/lt of SMB
diluted with distilled water. Then the roots were fixed in carnoy’s fixative (ethyl alcohol : glacial
acetic acid 3:1 (v/v)). For the control group, A. cepa bulbs were germinated in distilled water,
then the roots (1.5-2 cm) were directly fixed in carnoy’s fixative. The roots were taken out of
carnoy’s fixative after 20 hours and maintained in 80% ethyl alcohol. Preparations were carried out using Feulgen’s squash technique (17). Materials were covered with Entellan and permanent slides were made for the control and for each concentration and treatment period.
Permanent slides were examined at 1000x magnification. 3,000 cells were scored in the
root tip of each bulb and a total of 30,000 cells were scored for each concentration and treatment period. Then, the number of cells in the mitosis divisions were scored and the mitotic
index (MI) was determined. Each stage of mitosis division was also observed.
The cytological abnormalities were scored in the mitotic cells and the results are shown in
the tables. The most common abnormalities were fixed by microphotography.
The significance between the mean results and control was determined by t-test. Dose
response relationships were determined from the correlation and regression coefficients and
the corresponding regression lines for MI, abnormal cells and cells with other mitotic abnormalities.

Results
Sodium metabisulfite (SMB) significantly decreased the MI in the treatment group at all concentrations and in all treatment periods (Table 1). The decreasing of the MI was dose-dependent in the 10-hour treatment period (Fig. 1). Generally, SMB increased the percentage of the
prophase stages and decreased the percentage of the anaphase and telophase stages when compared with the control group in the 10-hour treatment period. On the other hand, SMB
increased the percentage of the prophase stages and in contrast decreased the percentage of
the anaphase stages at the highest concentration (30 mg/lt) for the 20-hour treatment period.
The percentage of the telophase stages was generally decreased at all concentrations for the
20-hour treatment period (Table 1).
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Table 1.

The MI and the ratio of mitosis stages in the root tip cells of A. cepa treated with sodium metabisulfite.

Concent.
(mg/lt)

Treatm.
Times
(hours)

MI±SE

Prophase±SE

Metaphase±SE

Anaphase±SE

Control

--

3.89±0.20

38.73±3.12

23.68±2.06

11.85±1.14

7.5

10

Telophase±SE

26.29±2.13

1.95±0.10 ***

41.98±1.94

27.96±1.89 *

9.38±1.11 *

20.63±1.71 **

15

1.89±0.30 ***

51.32±3.87 **

30.37±4.91

6.00±1.36 **

12.31±2.50 ***

30

1.04±0.11 ***

52.28±5.46 *

21.58±4.22

2.59±0.78 ***

23.52±1.78

7.5

2.36±0.22 ***

36.64±3.36

28.13±3.69

15.91±1.70 *

21.37±2.15 *

15

20

2.67±0.21 ***

38.05±2.43

27.70±2.68

14.55±1.67

19.58±1.35 ***

30

0.65±0.11 ***

51.84±4.44 *

24.95±5.32

1.60±0.71 ***

21.75±3.79

* p<0.05; ** p<0.01; *** p<0.001
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Correlation coefficients and
regression lines of MI in A.
cepa root tip cells treated with
SMB for 10 hours.

7.5

15

30

Concent. (mg/lt)

SMB significantly increased the c-mitosis (Fig. 2) only at the highest two concentrations (15
and 30 mg/lt) for 10- and 20-hour treatment periods (Table 2). The maximum rate of c-mitosis was observed in the group treated with SMB at 30 mg/lt for 10 hours. However, SMB significantly increased the cells with sticky chromosomes (Fig. 3A), the cells having micronuclei
(Fig. 3B), and the incidence in the anaphase and telophase stages of abnormalities such as lagging chromosomes (Fig. 3C) and bridges in the anaphase and telophase stages (Fig. 3D), and
also significantly increased the percentage of abnormal cells (Table 2). The increasing of the
abnormalities and the percentage of abnormal cells was dose dependent (Fig. 4).
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Fig. 2.

Table 2.

C-mitosis (30 mg/lt SMB, 20
h).x2000.

The rate of cells having various abnormalities and the various kinds of abnormalities in the root tip cells of
A. cepa treated with sodium metabisulfite.

Conc.

Treatm.

C-mitosis in

Cells with sticky

Abnormal anaphase

Micronucleated

Aabnormal

(mg/lt)

Times

metaphase and

chromosomes

and telophase

cells ± SE (%)

cells ± SE (%)

(hours)

anaphase ± SE (%)

± SE (%)

± SE (%)X

Control

--

0.00±0.00

0.00±0.00

0.00±0.00

0.000±0.00

7.5

10

0.00±0.00

2.12±1.15

0.30±0.20

0.30±0.20

0.040±0.01 *

15

8.45±2.84 *

3.13±1.29 *

0.00±0.00

0.090±0.01 ***

11.19±2.11 ***

30

40.69±5.45 ***

8.91±1.47 ***

5.55±2.14 *

0.111±0.02 ***

27.93±2.83 ***

7.5

20

3.69±0.42 ***

2.33±1.35

3.72±0.46 ***

1.78±0.68 *

0.032±0.01 *

15

4.92±2.23 *

5.50±1.31 **

1.47±0.56 *

0.087±0.01 ***

12.72±2.34 ***

6.89±0.86 ***

30

22.43±8.58 *

7.90±2.15 **

1.56±1.56

0.154±0.03 ***

38.06±4.75 ***

* p<0.05; ** p<0.01; *** p<0.001
X

Multipolar anaphase and telophase having lagging chromosomes and bridges in the anaphase and telophase

Discussion
SMB significantly decreased the mitotic index (MI) at all concentrations and in all treatment
periods. These results showed that SMB has a cytotoxic effect at concentrations much lower
than the suggested usable maximum concentrations (300 mg/lt) (13). Meng and Zhang (14)
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Fig. 3.
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A) Sticky chromosomes (15 mg/lt SMB, 20 h), B) Micronuclei (15 mg/lt SMB, 20 h), C) Lagging chromosomes in anaphase (15 mg/lt SMB, 20 h), D) Bridge in anaphase (15 mg/lt SMB, 20 h).x2000.
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Fig. 4.

Correlation coefficients and regression lines of the percentage of abnormal cells in A. cepa root tip cells
treated with SMB for 10 (a) and 20 (b) hours.

reported that sodium bisulfite decreased the mitotic index in human lymphocytes. Njagi and
Gopalan (6) found that the food preservatives sodium benzoate and sodium sulfite inhibit DNA
synthesis in Vicia faba root meristems. The decreasing of the MI or the inhibiting of the DNA
synthesis might be caused by the decreasing ATP level and the pressure from the functioning
of the energy production center (18,19).
SMB significantly induced the percentage of abnormal cells at all concentrations and treatment periods. Njagi and Gopalan (6) found that the food preservatives sodium benzoate and
sodium sulfite caused the formation of anaphase bridges, premature chromosome condensation
heading to pycnotic nuclei and chromatin erosion in interphase nuclei in Vicia faba root meristems. The food preservative sorbic acid and its potassium and sodium salts induce SCEs, CAs,
and micronuclei and also induce the frequency of 6-thioguanin resistant mutations in Chinese
hamster cells (5, 7, 8, 11, 12, 21). In addition, hepatoma has been found to develop in mice
fed a 15% sorbic acid diet (22). On the other hand, Munzer et al. (11) reported that a fresh
solution of sorbic acid salts did not induce SCEs, CAs or the formation of micronuclei in Chinese
hamster ovary cells and in bone marrow cells of mice, and was not mutagenic in the
Salmonella/microcosm assay. Jung et al. (20) found that sorbic acid and potassium sorbate did
not induced SCEs, CAs and formation of micronuclei in bone marrow cells of mice. Sodium
nitrite induced CAs, formation of micronuclei and also mutagenic in Salmonella/microcosm assay
(4, 9, 10). Matsuoka et al. (3) found that methyl-p-hydroxybenzoate induced chromosomal
aberration in Chinese hamster cell lines.
Kinashi et al. (23) irradiated the CHO cells with both gamma rays and fast neutrons in the
presence and absence of boric acid, and found that a higher degree of mutagenicity developed
in its presence. However, boric acid was not identified as a mutagen in the mouse lymphoma
cell (24). Lysozyme which is used as a protective agent in cheese, is mutagenic for S. typhimurium TA98 and TA100 strains (1).
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As seen from the results mentioned above, there are differences in the mutagenic effects of
food additives in different test systems. In addition, food additives have stronger genotoxic
activity when stored than in fresh solution (11). In this study SMB induced mitotic abnormalities and decreased the MI in Allium cepa L. when used fresh. In addition, the test substance,
SMB, converts to sodium bisulfite and sulfur dioxide when dissolved in water. Sodium bisulfite
has been shown to induce CAs, SCEs and micronuclei, and decrease MI in human lymphocytes
(16). Bisulfite (HSO3) causes the deamination of cytosine in both double-stranded and singlestranded DNA and in RNA (25-28). Hydrolytic deamination has been shown under acidic conditions, but it is of minor importance at pH>5.3. In addition, the transamination rate is dependent on pH and the concentration of diamine and bisulfite ion (29). Hayatsu and Shiragami (30)
have reported that 5-hydroxymethyl cytosine reacts with bisulfite and, instead of undergoing
usual deamination process, gives cytosine 5-methylsulfonate as the product at pH=6-7. This
reaction was much slower than 5-hydroxymethyl cytosine at optimum pH (6-7). Pagao and
Zeiger (15) have reported that the deamination of cytosine causes base-pair substitution mutations. Bisulfite has been shown to induce the GC—AT and AT—GC transition like HNO2, which
causes deamination in cytosine and adenine (31).
As seen from the results mentioned above, bisulfite causes gene mutation under acidic pH.
In addition, bisulfite gives cytosine 5-methylesulfonate at pH 6-7. However, in this study, SMB
did not change the pH (pH=6.8-7.2). Meng and Zhang (14) have found that bisulfite induces
gpt mutations in CHO-AS52 cells. Bisulfite is a weak mutagen in S. typhimurium TA97 and
TA1535 strains (15). In this study,, SMB induced mitotic abnormalities and decreased the MI
in Allium cepa L. However, Renner and Wever (32) have reported that sodium metabisulfite
(sodium pyrosulfite) does not induce chromosomal aberration, sister chromatid exchange or
micronuclei in bone marrow cells of mice and Chinese hamsters when given in a single oral
dose. In addition, Mavournin et al. (33) have reported that the sample schedule used by Renner
and Wever (32) is inadequate. According to these results, we are of the opinion that the negative results of SMB in vivo might be due to an inadequate (single oral dose) test system.
The most common abnormality observed in this study was c-mitosis. These results suggest
that SMB has an aneugenic effect. The aneugenic substances inhibited the spindle formation and
caused c-mitosis. SMB also affected the chromosomal proteins because of causing sticky chromosomes.
SMB induced gpt mutations in CHO-AS52 cells (14), induced mutation in S. typhimurium
strains (15), induced CAs, SCEs and micronuclei and also decreased the MI in human lymphocytes (16). SMB induced mitotic abnormalities and SMB also has cytotoxic and aneugenic effects
in Allium cepa L. According to these results, it can be concluded that SMB clearly poses a genotoxic risk. For this reason it is necessary to be careful when using it in food as an antimicrobial
substance, and it is necessary to find new safe substances as alternatives to SMB.
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